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Abstract
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A Comparison of Concept Maps and Text Summaries: The Effects of Study Format on
Memory. Major Professor: Philip Pavlik Jr., Ph.D.

A large body of research has provided evidence that concept maps offer a greater benefit
for learning compared to traditional text (e.g., Nesbit & Adesope, 2006). Reder and
Anderson (1980) compared text summaries to full-length texts and found text summaries
to be more beneficial for learning, suggesting that details and elaborations can hurt
retention. The current research compared concept maps and text summaries in two
experiments. In Experiment 1, participants studied a science topic from a concept map or
text summary. Immediately following study, all participants completed a concept map
posttest and a text summary posttest where the arrangement of the both posttests did not
match study condition. In Experiment 2 another topic was added and posttest
arrangement was not manipulated. The results from both experiments provide evidence
in support of transfer-appropriate processing. Additionally, findings suggest that the
benefits of studying a concept map may depend on the subject matter.
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A Comparison of Concept Maps and Text Summaries: The Effects of Study Format on
Memory
An important part of human learning concerns how knowledge should be
represented in order to help learners make sense of newly acquired experiences. In fact,
it has been well established that the way material is encoded and/or presented often
affects how well it is retained and retrieved in memory over time (e.g., Craik & Lockhart,
1972; Simon & Larkin, 1987). This idea, along with other important findings, has led to
considerable interest among educational researchers in exploring ways to create rich
representations of knowledge that can help learners remember and retain newly acquired
information. Many of these researchers have turned to graphical representations such as
concept maps (CM/s) as a medium for understanding how existing conceptions are
maintained and modified in memory during instruction. Although there has been
substantial research in support of CMs as an effective medium for representing
knowledge, there are still unresolved issues specifically pertaining to what makes CMs
more effective than other types of representations and how they interact with learner
characteristics.
A knowledge representation can be referred to as a model of facts or data that
often specifies relationships, objects, or processes (Lambiotte, Dansereau, Cross, &
Reynolds, 1989). More specifically, they describe how records of data are linked
together to perform cognitive tasks that often involve reasoning and problem solving
(Lambiotte et al., 1989). They can also be described as a medium of expression that
provides guidance for organizing information (Davis, Shrobe, & Szolovits, 1993).
Although the most common medium of expression is natural language, there are several
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other ways that knowledge can be depicted symbolically. For example, CMs and other
types of graphical representations are just a few approaches to representing knowledge in
a more visual manner.
As previously alluded, there are several ways to represent or organize knowledge
in a way that will help learners achieve intended learning objectives. Similar to
knowledge representations, organizational techniques refer to the way concepts or ideas
can be arranged in order to assist learners in organizing information and include methods
such as concept mapping and text summarizing (Smith & Ragan, 1999). These
techniques along with others are helpful during complex learning tasks that often focus
on the comprehension of text (Weinstein & Mayer, 1986). However, it is suggested that
the most effective techniques (or representations) are those that closely mimic how
concepts are organized in memory and those that help learners integrate new information
with existing knowledge.
A large body of research has been dedicated to understanding the benefits of CMs
when used as a knowledge representation during learning. Nesbit and Adesope (2006)
conducted a meta-analysis of 55 studies where one goal was to evaluate the effects of
studying maps (CMs and knowledge maps) versus other kinds of knowledge
representations. Of the studies that had students study pre-constructed maps, several used
text passages, outlines, or lists as a comparison treatment group. While most of these
studies reported statistically significant results in support of maps, findings from the
meta-analysis revealed that effect sizes often vary based on the type of comparison group
used. There were moderate differences in effect sizes between those studies that used
passages as the comparison group and those that used outlines or lists as the comparison
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group. More specifically, the mean effect size for those studies that compared maps with
text passages was larger than the effect size for those studies that compared maps with
lists or outlines. These findings suggest that there is a greater benefit for studying maps
rather than reading a large body of text.
Although a growing body of research has explored comparisons of maps to other
types of knowledge representations, a critical limitation is that most of this research has
not carefully controlled for the amount of material included in the comparison group.
Whether maps are being studied or constructed, the comparison learning activity has
often been lengthy textual material that greatly exceeds the amount of words used in the
map. For example, many studies that have examined the effects of studying maps versus
linear texts (e.g., Hall, Dansereau, & Skaggs,1992; Hall & O’Donnell, 1996) have used
passages of more than 1,000 words as the comparison group, far exceeding the amount of
words used in the maps and suggesting that the passages often contain elaborations and
redundant details. Before researchers assert a summative advantage for CMs, better
control should be given for the amount of material in the comparison group.
Newburn, Dansereau, and Patterson (1997), mentions the idea that maps can be
made isomorphic to text by transforming the propositions within a map into verbal
statements. That is, a set of propositions can be represented in a node-link format or text
format. With this in mind, very few studies have used text-based comparison groups
where the text was made isomorphic to the map such that the node-link propositions
were, for the most part, verbatim transformations to text statements. In other words,
there is a lack of research where the only manipulation is simply presenting the same
study material in a different format.
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To date, little attention has been devoted to comparisons of maps with text
summaries where the summary is just a transformation of the node-link-propositions into
verbal statements. The few concept mapping studies that incorporate text summaries
often focus on the activity of summarization (Chang, Sung, & Chen, 2002; Rewey,
Dansereau, & Peel, 1991). In other words, this research has largely involved students
writing summaries or constructing CMs after reading a body of text. Most importantly,
this research has almost completely ignored the fact that studying a summary of main
points can be beneficial for comprehending text (Reder & Anderson, 1980, 1982).
Before we can make a strong claim that studying CMs is more beneficial for learning
than traditional text, this issue must be addressed. Thus, the main goal of the current
thesis is to compare two types of knowledge representations (CMs and text summaries)
and test the hypothesis that memory for concepts is affected by how the material is
represented during learning.
Advance Organizers and Graphic Organizers
The importance of organization for learning was first initiated near the mid-20th
century. During this time there was a line of research that promoted the use of advance
organizers as a method to enhance the learning of textual information (e.g., Ausubel,
1960, 1963; Ausubel & Fitzgerald, 1961, 1962). According to Ausubel (1963), advance
organizers are presented prior to learning and there purpose is to organize new
information in such a way that it could be efficiently integrated with a learner’s prior
content knowledge. The advance organizer can be thought of as a scaffold that helps to
connect a learner’s previous knowledge with new or unfamiliar material, thereby
enhancing the student’s ability to understand and retain the new information. Ausubel
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purports that the advance organizer should be more abstract and inclusive than the
learning task. In other words, it should give a general overview of the more specific
material that will be presented during subsequent learning.
Ausubel introduced the advance organizer as a method to promote his
assimilation theory of meaningful learning and to lessen the negative consequences of
rote learning. Meaningful learning occurs when a learner can connect new information
with previously introduced concepts that already exist in one’s cognitive structure
(Ausubel, 1960, 1963) or the knowledge structure held by the learner (Novak & Cañas,
2008). This type of learning directly contrasts with rote learning, since rote learning
often involves the memorization or repetition of concepts without integrating new
knowledge with previously stored knowledge (Heinze-Fry & Novak, 1990).
Unfortunately, knowledge acquired through rote is subject to rapid forgetting unless it is
being rehearsed (Ausubel, 1962; Underwood, 1957). Additionally, since cognitive
structures are not being evaluated to relieve or modify misconceptions, it is highly
probable that misconceptions (or faulty ideas) will prolong and impede further learning
(Ausubel, 1963).
According to Ausubel, Novak, and Hanesian (1978), anchoring points help hold
incoming information in a learner’s cognitive structure so as to help them integrate new
ideas during meaningful learning. Because cognitive structures vary widely between
learners, different types of organizers, primarily those utilizing graphical aids, may be
more suitable for providing anchoring points. Thus, graphic organizers (Estes, Mills, &
Barron, 1969) were developed based on this assumption about the importance of
anchoring points during meaningful learning.
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Like advance organizers, graphic organizers were originally intended to provide
learners with a way to organize prior content knowledge before learning new material
(Moore, 1984). However, unlike typical linear prose advance organizers, graphic
organizers are visual and verbal portrayals that depict the relationships between key
concepts during a learning task (Estes et al., 1969). Graphic organizers visually illustrate
the interrelationships of hierarchically arranged ideas by means of spatial positions that
use connecting lines, arrows, or geometric figures to emphasize key relationships among
concepts (Darch, Carnine, & Kameenui, 1986; DiCecco & Gleason, 2002). They are
often considered to be adjunct displays (or study aids) that accompany a body of text.
For many decades, researchers have conducted studies to examine the effects of
graphic organizers on enhancing learning and text comprehension. In an attempt to
integrate research findings, Moore and Readence (1984) conducted a meta-analysis of 23
studies about graphic organizers. Results from the meta-analysis concluded that studies
assessing the effectiveness of graphic organizers typically focus on the placement of the
graphic organizer activity within an instructional sequence (Simmons, Griffin, &
Kameenui, 1988). Studies where graphic organizers were presented after the learning
content produced a large effect size (.57), but a much smaller effect size (.27) was
reported for studies that used graphics organizers presented before the learning content.
Although the results from Moore and Readence (1984) provide some evidence
that graphic organizers presented after the learning content may be most beneficial for
learning, there is still not a consensus among researchers. For instance, Simmons et al.
(1988) compared the effectiveness of three instructional sequences (teacher constructed
graphic organizer presented before instruction, after instruction, and a no graphic
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organizer control group) for aiding comprehension and retention of science content.
Results from the study revealed that the graphic organizer presented before students read
the text appeared to be more effective in the recall of the studied material, as measured by
a delayed posttest.
Simmons et al. (1988) provides some evidence that a graphic organizer can also
be an effective learning tool when it is used as an advance organizer or when it is
presented before the learning content. The inconsistent patterns among studies focusing
on learning outcomes for graphic organizers remain unresolved. This discrepancy occurs
partly because different types of graphic organizers are used in each study and the ability
level of the student tends to be a major covariate (Griffin & Tulbert, 1995). Despite the
inconsistencies, most researchers will agree that some graphic organizers may be more
useful as an advance organizer and others may be more useful as a post organizer.
The Benefits of Concept Maps for Learning
Ausubel’s assimilation theory of meaningful learning, combined with other
findings during the cognitive revolution (e.g., Collins & Quillian, 1969), sparked an
interest in developing tools that closely resemble how knowledge is represented in
memory. During the 1970s, Joseph Novak was particularly interested in further
exploring Ausubel’s theory about how new information is linked to relevant, preexisting
concepts. His research focused on developing a tool that would provide a better
understanding of how children represent concepts in their mental structure and how these
concepts (and the propositions used to construct them) change over time as new
knowledge emerges (Novak & Gowin. 1984). Consequently, after a 12-year longitudinal
study of children’s science learning, Novak introduced the CM as a way to illustrate
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conceptual relationships in a learner’s mental structure. A mapping tool (CmapTools;
http://cmap.ihmc.us) was developed as a way to help learners better manage the capacity
limits of working memory while integrating new ideas with those existing long-term
memory (Cañas & Novak, 2008).
As previously suggested, a CM can be referred to as a type of knowledge
representation that focuses on the relationships between concepts that often connect with
knowledge stored in long-term memory (Jacobs-Lawson & Hershey, 2002). CMs can
also be described as a type of graphic organizer that visually and verbally illustrates
relationships among concepts that are usually focused on a particular topic or question.
Although CMs are similar to graphic organizers, a key distinction is that CMs typically
use labeled links to connect ideas or relationships. This is different from most graphic
organizers that do not use labeled links but rather the relative spatial locations of words to
illustrate relationships (Katayama & Robinson, 2000).
According to Novak and Gowin (1984), the nodes of a CM refer to the words,
phrases, or concepts that are usually enclosed in circles or boxes. The relationship
between the concepts within each node is specified by a line (known as a link) connecting
two concepts (Novak & Cañas, 2008). In addition, the links of a CM can be directional
or non-directional and they are usually labeled with words or phrases that indicate the
extent of the relationship between the two concepts. Propositions (node – link –node
triads) consist of two or more concepts that are connected by links in order to form a
meaningful unit (Novak & Gowin, 1984).
A CM may also be referred to as a knowledge map. Although both are used for
the same purpose, the two graphical displays can actually be distinguished from one
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another based on structural features. Similar to CMs, knowledge maps are node-link
displays that are characterized by nodes containing conceptual ideas that are connected to
one another using labeled links (O’Donnell, Dansereau, & Hall, 2002). However, unlike
CMs, knowledge maps often incorporate a common set of labeled links that can be
domain specific or broad. According to O’Donnell et al. (2002), three types of links can
be used: dynamic links convey a changing relationship between ideas, static links are
used to represent a structural relationship between ideas, and elaborative links are used to
extend ideas.
Many studies and meta-analyses (e.g., Horton et al., 1993; Nesbit & Adesope,
2006) have explored the effects of CMs when used as a way to represent knowledge in
various educational contexts. One line of research has focused on students constructing
their own CMs, either individually or in collaboration with others, from various
informational sources such as lectures and videos. Another line of research has focused
on the effects of learning after students study or modify pre-constructed CMs. The
studies involving the use of pre-constructed maps have either focused on how CMs may
function as an advance organizer (Willierman & Mac Harg, 1991) or how they influence
collaborative learning (Rewey, Dansereau, Dees, Skaggs, & Pitre, 1992). In a metaanalysis of 122 studies, Nesbit and Adesope (2006) concluded that the use of preconstructed maps frequently benefit individual learning the most compared to cooperative
or collaborative learning.
Contrary to the conclusions made by Nesit and Adesope (2006), Chang et al.
(2002) asserts that studying pre-constructed expert maps may actually result in poor
autonomous learning. Since many learners are more familiar with linear organized text,
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without proper instruction about concept mapping, the student many wander aimlessly
throughout the map (Lambiotte & Dansereau, 1992). In fact, Hall and O’Donnell (1996)
note that a learner’s first experience with a concept map often triggers an emotional
response sometimes called “map shock.” To help alleviate this response, one suggestion
is that pre-constructed expert maps should be initially used as a scaffold to help learners
understand the text. The pre-constructed expert maps would gradually be replaced as the
learner’s understanding of the conceptual relationships progresses and reaches higher
levels of performance (Chang et al., 2002).
Some research has also examined the interaction between CM learning and
individual difference variables such as prior knowledge (Lambiotte & Dansereau, 1992)
and verbal ability (Stensvold & Wilson, 1990; Wiegmann, Dansereau, McCagg, Rewey,
& Pitre, 1992). Despite the often debatable methods used to measure these variables, the
general finding from this research has consistently shown that CMs often provide a
greater advantage for learners with low verbal ability when compared to high verbal
ability learners. One explanation for this finding is attributed to the simple node-linknode syntax that is often used to state propositions. The simple syntax allows learners
with low verbal ability to more easily comprehend and understand conceptual
relationships (Nesbit & Adesope, 2006). Nevertheless, more research is needed to
support this claim since these findings may be an artifact of the comparison activity. It is
unclear whether CMs show an advantage for low verbal learners when the comparison
activity uses simple syntactical structure to state propositions like in a CM.
O’Donnell et al. (2002) posit that the inherent spatial structure of the CM helps
low verbal learners more easily identify subordinate and superordinate ideas. More
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specifically, they direct attention toward the macrostructure (or the overall organization)
of the body of information (O’Donnell et al., 2002). This assistance can enhance
encoding and retrieval by explicitly pointing out useful visual and organizational cues.
Finally, there is also some research to show that the structure of a map, particularly the
links, can differentially affect learning outcomes when verbal ability is taken into account
(Wiegmann et al., 1992). For instance, Wiegmann et al. (1992) examined the relationship
between embellished links (i.e., links that use arrowheads, labels, and shape to specify
relationships) and verbal ability. Students first completed the Delta Reading Vocabulary
Test (Deignan, 1973) and were then randomly assigned to study a science topic presented
in a knowledge map with lines or embellished links. The next day all students completed
a short-answer and multiple-choice test on the previously studied material. Results
revealed that those with high verbal ability showed a significant advantage for the maps
with embellished links, whereas those with low verbal ability showed a significant
advantage for the map with lines.
Although verbal ability plays an important role in CM learning, prior knowledge
is also equally important. Similar to learners with low verbal ability, CMs may provide a
greater advantage for learners with low prior knowledge (Lambiotte & Dansereau, 1992;
O’Donnell & Dansereau, 2000; Potelle & Rouet, 2003). In an attempt to provide an
explanation for this finding, Lambiotte and Dansereau (1992) suggested that the
macrostructure highlighted by a CM may serve as a scaffold for the knowledge
construction of those with low prior knowledge, whereas this may conflict with the
knowledge structures of those with high prior knowledge. More research is needed to
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support these conclusions especially since the effect of prior knowledge is often
moderated by the type of learning task and the content area.
Theorists have proposed several additional reasons as to why CMs typically
produce favorable learning outcomes. Perhaps the most prominent theory supporting
CMs is Paivio’s dual coding theory (Paivio, 1986). According to this theory, memory
consists of two separate but interrelated systems, where one system is used for processing
and storing verbal information and the other system is used for processing and storing
non-verbal or visuo-spatial imagery. This theory suggests that CMs utilize both spatial
and verbal channels of information processing and provides additional cues to enhance
retention. Furthermore, compared to text, CMs allow the learner to allocate more
processing in the visuo-spatial memory system, which helps to prevent overloading
verbal memory (Winn, 1991).
Although Paivio’s dual coding theory helps to explain the positive effects of CMs,
other theoretical explanations may contribute to understanding the benefits of CMs. For
example, the theory of spreading activation (see Anderson, 1983; Collins & Loftus, 1975)
could presumably explain the distinct memory advantage of CM processing. During CM
processing, each concept is represented as a node within a semantic network (Collins &
Quillian, 1969). Within the network, the nodes or concepts are distinguished by
relational links that often indicate a directional relationship.
According to spreading activation, when each item or concept is processed, other
related concepts are also activated. More specifically, when an individual concept is
retrieved, there is a spread of activation to other related concepts; thus, spreading
activation helps to facilitate retrieval of concepts that are connected within the network
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(Anderson, 1983). Moreover, the activation of a specific concept stored in long-term
memory spreads to other concepts that are structurally linked, and the strength of
activation determines the probability of successful retrieval.
Consistent with this theoretical account of spreading activation, CMs highlight
relationships among key concepts within a particular network. More so, CMs activate a
specific structure of knowledge stored in long-term memory (Novak, 1998). By
activating stored knowledge, learners are better able to reflect on relevant concepts. This
ultimately stimulates the spread of activation and produces greater recall and elaboration
(Rye & Rubba, 1998).
Concept Maps Versus Text
It has been well established that CMs and other graphical knowledge
representations (e.g., graphs and charts) can be an effective alternative to the typical
presentation of linear text (Czuchry & Dansereau, 1996). In fact, some experiments have
shown that studying or constructing CMs rather than typical prose passages can be
advantageous for the recall of both central and detailed ideas (e.g., O’Donnell et al.,
2002). The theoretical support for this research is grounded in the spatial-verbal
processing model, (Hall & O’Donnell, 1996; Lambiotte, Dansereau, Cross, & Reynolds,
1989; Newburn et al., 1997) which asserts that the overall structure of the CM activates
spatial processing channels which enhances the retrieval of detailed information.
Comparisons of CMs and linear text have often focused on how the structural
differences between both formats differentially impact learning. The linear nature of text
often makes it difficult for the reader to understand relationships among concepts and
how newly introduced concepts are related to other relevant domains (Hall et al., 1992).
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In contrast, the spatial arrangement within a CM allows the reader to make relevant
domain comparisons in a quick integrative manner. For example, Hall et al. (1992)
compared knowledge maps and traditional texts to assess the effectiveness of presenting
related information domains. Students studied two topics and were randomly assigned to
four experimental groups: (a) comparative text, (b) sequential text, (c) comparative map,
and (d) sequential map. Although there were significant differences between the two
topics used, the general finding was that students in the map groups significantly recalled
more main ideas than those in the text groups.
Compared to linear text, maps can also help readers make sense of complex
concepts or ideas that would normally require advanced rhetorical skills (Lambiotte &
Dansereau, 1992). Hall and O’Donnell (1996) conducted an experiment to assess how
studying from knowledge maps can affect the recall of superordinate and subordinate
concepts. In the experiment, students studied a short passage in the form of a knowledge
map or traditional text and completed a free recall test on the studied material two days
later. Consistent with prior research, recall performance for those in the map condition
was superior to the text condition. The maps were also more effective across both
superordinate and subordinate ideas.
Another advantage of CMs over text is that its inherent spatial structure can
function as a scaffold to aid in the organization of ideas for later recall (Hall &
O’Donnell, 1996; Newbern et al., 1997). For example, Newbern et al. (1997) had
participants study two topics that were presented in a knowledge map or text format.
Following study, participants completed an immediate or delayed posttest that
implemented a content location matching task where a knowledge map or text display
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contained X’s (instead of words) in various numbered test locations. Participants were
asked to match each of the numbered locations with a set of words placed in a list.
Results indicated that those who studied the map performed significantly better on the
location matching task and recalled a higher percentage of information than those who
studied the text display.
Research on CMs has also shown some support for transfer and how exposure to
CMs can positively transfer to text processing skills. For instance, Chmielewski and
Dansereau (1998) found that CM training can improve the manner in which individuals
interact with other formats of information. In the experiment, some students were trained
in the construction and use of CMs while others were not. Two days later, all participants
were instructed to study two passages and were asked to return in five days in order to
complete a free recall test. Those who received CM training recalled more macro level
ideas from the two text passages compared to those who did not receive the training.
This finding was also replicated in a second experiment.
The Importance of Text Summaries
The research to date has provided rather persuasive evidence that CMs may be a
more effective way to represent knowledge than linear text. Even though there is strong
supporting evidence for this claim, many researchers have virtually ignored another
important line of research that may conflict with the support for CM learning. Like
Ausubel’s research, this research has also focused on investigating optimal ways to
present factual or conceptual information in a manner that would allow learners to absorb
the learning material more efficiently. The major goal of this research was to explore the
role that elaborations play in enhancing the retention of written material.
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Reder and Anderson (1980, 1982) have conducted a number of experiments that
show consistent advantages for text summaries when compared to the original text. For
example, Reder and Anderson (1980) had subjects study two topics that were presented
in their original text form and a summary form. Subjects completed an immediate
posttest and a delayed posttest one week later. Results from the posttest revealed that
summaries were more advantageous for both direct questions that could be answered
directly from the assertions in the summary and inference questions that required the
reader to combine facts in the summary. In addition, summaries also generated better
transfer on a transfer task that looked at the subject’s ability to learn new, but related
material.
The advantage for text summaries is upheld across a variety of studies including
those that varied the timing of the test and those that varied the type of test (Charney,
Reder, & Wells, 1988). Although previous work typically used true/false and short
answer questions as the primary dependent measure, the advantage for summaries is still
maintained when other types of recall tasks are used. For example, Allwood, Wikstrom,
and Reder (1982) conducted an experiment in which subjects studied two topics that were
presented in their original underlined text format and a summarized version of the main
points. After studying both topics for one hour, the subjects were asked to recall as much
as they could from the full passages and as many statements as they could remember
from the summaries. Results indicated that there was a main effect for format such that
subjects remembered far more main ideas when they read the summarized version than
when they read the original text.
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The theoretical context for text summaries is encompassed within the elaboration
model (Anderson & Reder, 1979; Reder, Charney, & Morgan, 1986). According to the
model, long-term memory can be represented as a web of connected ideas or
propositions. During encoding, the to-be-remembered (TBR) material is added to the
framework of connected ideas; however, the TBR material is often weak and subject to
forgetting before retrieval. To aid retention, elaborative processing (or encoding
additional facts) can lead to better memory by providing multiple retrieval paths.
Moreover, if the elaborations are particularly redundant, the learner has a better chance of
recalling the TBR material at the time of testing (Anderson & Reder, 1979). These
elaborations can redirect attention from the interfering points and shift it toward the more
relevant facts.
Although there has been some research to show that elaborations can enhance
retention, the series of studies that compared summarized main points to the original full
text has provided contradictory evidence for the elaboration theory. These counterintuitive results provide some evidence that details can in fact hurt retention (i.e., students
tend to retain the main points of a text best when they study them without elaboration).
One explanation for this finding suggests that elaborations can recruit a reader’s attention
away from the main ideas of a text. Thus, when the reader studies a text summary, he or
she can allocate complete attention to the main points that are to be learned (Charney et
al., 1988). Even when extra time is given to read elaboration in full texts, there is still an
advantage for text summaries. This suggests that both encoding and retrieval are equally
important. The elaborations often make it harder to retrieve the main points, and the
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readers often have a difficult time distinguishing the relevant facts from the irrelevant
facts during encoding.
The Current Study
Research on CMs and text summaries has yielded positive benefits for various
types of learning tasks. Both formats show clear advantages for learning when they are
used as a comparison to lengthy linear text. Nevertheless, there is little to no research on
the different effects of learning when CMs and text summaries are compared to each
other. Unlike previous studies that have often focused on comparing CMs or summaries
to lengthy prose passages, the current study is designed to compare both formats to one
another and to explore how both formats affect immediate memory for concepts.
The goals of the current study are threefold. The first goal is to examine how
memorial processes are affected by knowledge representations in the form of a CM and
text summary. Secondly, another goal is to investigate if studying material presented in
one format affects one’s ability to transfer that material to another format. In other
words, when students study a CM or text summary, will performance differ on a posttest
that requires recalling facts from both formats even though they only had exposure to one
type during study? The final goal is to explore possible individual differences regarding
learning outcomes. Perhaps, some learners may benefit more from studying information
presented to them in a CM or text summary. These related goals will give rise to
understanding the role that knowledge representations play for both learning and
instruction.
Exploring the advantages of studying information presented in a CM or text
summary allows for the formulation of several hypotheses and predictions. In the current
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study there are two main hypotheses. First, it is hypothesized that there is a difference in
immediate memory for concepts that are initially studied in a CM or text summary.
Secondly, it is hypothesized that there is a difference between recall and format transfer
for concepts that are studied in either a CM or text summary. The following predictions
were formulated based on these two hypotheses:
P₁: Studying from a CM will lead to overall greater posttest performance than
studying from a text summary.
P₂: Posttest performance will be greater for recall than for format transfer.
P₂ ₁: For recall, performance with be greater for CM study to CM posttest
than summary study to summary posttest.
P₂ ₂: For format transfer, performance will be greater for CM study to
summary posttest than summary study to CM posttest.
The above predictions were derived based on the theoretical support for CM
learning. According to the theoretical models discussed, when a learner is presented with
information in a concept map (or spatial-semantic display) both verbal and visual-spatial
processes are activated (Dansereau, 1989; Newburn et al., 1997; Paivio, 1971). It is
assumed that the structure of the map and content within it are ‘‘conjoined”; thus, when
one process is activated there is a higher probability that the other process will also be
activated (Kulhavy, Lee, & Caterino, 1985). Unlike the presentation of linear text in
summary, it is assumed that the additional processing route provided during CM study
will lead to greater encoding, retention, and retrieval of the studied material and
consequently enhance posttest performance.
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Experiment 1 Methods
Participants
The participants were 103 undergraduate students enrolled in an introductory
psychology course at a public metropolitan university located in the southeast United
States. The sample consisted of 26 males and 77 females with an average age of 20.64
years (SD = 3.83). All participants who completed the experiment were given research
credit in partial fulfillment of the course requirement.
Materials
The instructional material used in the experiment came from an “Energy, Heat,
and Temperature” chapter located in a General Chemistry Virtual Textbook available
online (Lower, 2012). A concept map was presented at the end of the chapter, and was
used as a template for generating several potential concept maps. The final concept map
used in the experiment was decided in consultation with another graduate student
knowledgeable in concept map construction. The map contained 24 propositions and was
radial in structure; the interrelationships among the concepts were connected to a core or
center node (see Appendix A for map). It was constructed via LucidChart, a web-based
diagramming program that allows users to create concept maps, flowcharts, and many
other visual representations.
As denoted by Newbern et al. (1997), the node-link format in concept maps can
be transformed to isomorphic linear text. Thus, a text summary was created from the
propositions represented in the concept map. The summary included the same
terminology present in the links and nodes of the concept map; however, a few additional
words were included (e.g., articles and transitional words) in order to make the text more

20

cohesive and grammatically appropriate. The text summary had a total of 188 words, and
the key concepts were bolded, much like how they are presented in standard textbooks.
This highlighting also allowed the text to remain comparable to the concept map, since
main concepts are “highlighted” in the map by being placed into nodes.
Design and Procedure
Design. The first experiment was a 2 (CM study vs. summary study) X 2 (CM
posttest vs. summary posttest) mixed between-within subjects design with posttest scores
serving as the dependent variable. The experiment was divided into a learning block and
an assessment block. The learning block contained the between-subjects factor which
was comprised of CM study or text summary study. The assessment block contained the
within-subjects factor which was comprised of two fill-in-the-blank posttests where onehalf of the target material was presented in a CM and the other half presented in a text
summary. This allowed for a measure of both recall and transfer across format.
To ensure a fully counterbalanced design, two forms of each posttest were
created. The material that was presented in the CM posttest of Form A was presented in
the text summary posttest of Form B and the material that was presented in the text
summary posttest of Form A was presented in the CM posttest of Form B (see
Appendices C and D for posttests). In addition, the CM and text summary in the posttest
had a different arrangement from the CM and text used in the learning block so that the
participants could not rely on visual-spatial cues to facilitate their recall. This decision
was made in order to test whether the participants actually learned and processed the
material rather than merely relying on spatial cues.
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Procedure. After obtaining informed consent, the participants first completed the
learning block. During this block, the participants were randomly assigned to study the
target material that was displayed in a CM or text summary for a period of three minutes.
The participants were instructed not to take any notes during the study period.
Immediately following the learning block, the participants proceeded to the assessment
block.
During the assessment block, all participants were instructed to complete the CM
posttest (8 items displayed in a concept map) and the summary posttest (8 items
displayed in a summary). A numbered yellow box appeared where the participants were
asked to type their response which corresponded to a key concept that was studied in the
concept map or text summary. The order of presentation of the two posttests was
randomized.
Following completion of the experiment, participants completed a brief survey
with Likert-type items pertaining to perceptions about strategy use, prior knowledge, and
academic experiences (see Appendix B for survey). For these scaled items, a 5-point
Likert scale was used with options ranging from ‘‘Very Unfamiliar,” (assigned a value of
1) to ‘‘Very Familiar,’’ (assigned a value of 5). Finally, all participants were debriefed
on the last screen of the experiment. They were required to select a checkbox, endorsing
that they had read the debriefing statements.

22

Results
Scoring
A team of two graduate students manually scored each posttest using two scoring
methods. A strict scoring method awarded one point for each concept that was correctly
recalled; synonyms were not counted as correct. Conversely, a more lenient scoring
method awarded one point for correct answers, including synonyms. The results were
consistent regardless of which scores were used; therefore, the results being reported are
from analyses using the strict scores.
Primary Analyses
A mixed between-within subjects analysis of variance (ANOVA) was conducted
using study condition (CM vs. Text Summary) as the between-subjects factor and posttest
(CM Posttest vs. Text Summary Posttest) as the within-subjects factor. A significant
Study Condition x Posttest crossover interaction was found, F (1, 101) = 14.18, p < .001,

p = .12, indicating that study condition differentially affected performance on the two
posttests. The main effect for posttest was not significant, F (1, 101) = .06, p = .81 nor
was the main effect for study condition, F (1, 101) = 1.96, p = .16.
Tests of simple effects were performed to further explore the interaction and to
compare how study condition affected performance on each posttest. There was a
significant difference in CM score, F (1, 101) = 8.00, p = .01, p = .07, suggesting that
those individuals who studied the CM performed significantly better than those who
studied the summary, on the CM posttest. There was no significant difference in text
summary score, F (1, 101) = .01, p = .91, suggesting that study condition did not affect
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performance on the text summary posttest. (See Table 1 below for means and standard
deviations).

Table 1
Comparison of Posttest Means for CM and Text Summary Study Conditions.
CM Posttest

Text Summary Posttest

Study Condition

M

SD

M

SD

Concept Map
Text Summary

4.12
2.83

2.40
2.22

3.41
3.46

2.82
2.18

An independent samples t-test was performed to test the prediction that overall
posttest scores would be higher for those in the for the CM study condition compared to
those in the text summary study condition. The overall posttest score was computed by
simply adding the number of correct responses from both posttests to create one
composite score. Results revealed that there was no significant difference in the overall
posttest score between the CM study condition and the text summary study condition, t
(101) = 1.40, p = .16. Despite not finding a significant difference, the descriptive
statistics indicated that the overall mean posttest score was higher for the CM condition
(M = 7.53, SD = 4.90) compared to the summary study condition (M = 6.30, SD = 4.03).
Assessment of Prior Knowledge
A median split was performed to examine if prior knowledge influenced posttest
performance. A prior knowledge classification variable was created by using the median
split of a survey item asking about content familiarity. The median value of 3 was used
to categorize the participants as having either high prior knowledge (HPK; greater than
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the median) or low prior knowledge (LPK; less than or equal to the median). Forty-seven
participants were considered to have HPK and 56 participants were considered to have
LPK.
A mixed between-within subjects ANOVA revealed that there was a significant
Posttest x Prior Knowledge crossover interaction, F (1, 99) = 6.43, p = .01, p= .06.
The HPK group performed better on the summary section of the posttest, whereas the
LPK group performed better on the CM section of the posttest (see Table 2 below for
means). The Posttest x Prior Knowledge x Study Condition interaction was not
significant, F (1, 99) = .71, p = .40.

Table 2
Prior Knowledge Comparison of Posttest Means (collapsed across study condition)
CM Posttest
Prior Knowledge

M

SD

Text Summary Posttest
M

LPK
2.50
1.78
2.05
HPK
4.63
2.51
5.06
Note. LPK= low prior knowledge; HPK = high prior knowledge

SD
1.64
2.36

Follow-up tests were performed to further explore how study condition affected
performance on each posttest for both prior knowledge groups. Results revealed that, for
the LPK group, those individuals who studied the CM performed significantly better on
the CM posttest than those individuals who studied the summary, F (1, 54) = 5.47, p =
.02. There was no significant difference between study condition and Summary posttest
performance, F (1, 54) = 1.67, p = 0.20.
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The results for the HPK group were similar to the LPK group such that those
individuals who studied the CM performed significantly better on the CM posttest than
those individuals who studied the summary, F (1, 45) = 4.08, p = .05. There was no
significant difference between study condition and summary posttest performance, F (1,
45) = 0.31, p = .58 (see Table 3 below for means and standard deviations).

Table 3
Prior Knowledge Comparison of Posttest Means with Study Condition
Study Condition

CM Posttest
M

LPK

Concept Map
Text Summary

Text Summary Posttest

SD

3.04
1.97

1.82
1.61

HPK

Concept Map
5.35
2.42
Text Summary
3.92
2.43
Note. LPK= low prior knowledge; HPK = high prior knowledge

M

SD

1.77
2.33

1.66
1.60

5.26
4.88

2.73
1.99

Experiment 1 Discussion
The findings from Experiment 1 revealed that study format influenced posttest
performance. Most notably, posttest performance was significantly better on the posttest
that matched study condition. If the participant studied a CM, performance was better
on the CM posttest relative to the summary posttest; likewise, if the participant studied a
text summary, performance was better on the summary posttest relative to the CM
posttest. These particular patterns of results help explain the interaction between Study
Condition and Posttest. More importantly, they also provide support for transferappropriate processing (Morris, Bransford, & Franks, 1977). According to this
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theoretical framework, the ability to remember information is enhanced if the processes
activated during retrieval match those processes activated during encoding.
Support for transfer-appropriate processing was most readily apparent in the CM
study condition. For those participants who studied the CM, performance on the CM
posttest (M = 4.12, SD = 2.40) was significantly higher than performance on the summary
posttest (M = 2.83, SD = 2.22). Conversely, there was no significant difference between
the two study conditions on the summary posttest. These results suggest that study
condition played a significant role on the CM posttest, whereas the same cannot be said
for the summary posttest. Study condition played a minor role on the summary posttest
such that there was only a slight advantage for summary posttest performance if the
participant studied the text summary.
The results from Experiment 1 are also consistent with previous research
indicating that CMs provide a greater advantage for those individuals with LPK
compared to those with HPK. A split on a survey item asking about content familiarity
revealed that those individuals with LPK performed better on the CM posttest, whereas
those with HPK performed better on the summary posttest. These findings suggest that
those individuals with LPK may have benefited from the structure provided by the CM.
Perhaps, the inherent spatial structure provided by the map served as a scaffold to help
those with LPK abstract the conceptual ideas. For those with HPK, this structure may
have conflicted with the way they previously organized the content knowledge.
The results from Experiment 1 suggest that CMs provide a moderate memory
advantage even when the comparison group is not lengthy text material. This raises an
important issue suggesting that CMs provide a distinct advantage to memory beyond a
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mechanism of summation. That is, even when the material in a CM is presented in
isomorphic text, CMs provide a greater benefit for memory that spans beyond a
summative advantage.
Experiment 2 will seek to uncover the role of spatial cues provided by the map
during recall. In Experiment 1, the structure of the map during testing did not match the
structure of the map during study. In Experiment 2, the structure of the map will not be
manipulated such that the structure of the map during testing will match the structure of
the map during study. Likewise, the propositions in the text summary will not be altered
during testing. Since the spatial cues during testing will not be altered, it is hypothesized
that there will be an increase in the posttest means for both study conditions (compared to
the posttest means from Experiment 1). Finally, a pretest will be used as a prior
knowledge covariate, an additional topic will be added to explore topic differences, and
the participants will complete a free recall task to assess learning.
Experiment 2 Methods
Participants
The participants were 92 undergraduate students enrolled in an introductory
psychology course at a public metropolitan university located in the southeast United
States. The sample consisted of 25 males and 67 females with an average age of 21.54
years (SD = 4.40). All participants who completed the experiment were given research
credit in partial fulfillment of the course requirement.
Materials
The instructional material included the same topic (Energy) used in Experiment 1;
however, a second topic was added. This additional topic pertained to the Nervous
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System. Consequently, there was one natural science related topic (i.e., energy) and one
biology related topic (i.e., the Nervous System). A CM for the Nervous System topic
was created in consultation with another graduate student knowledgeable in CM
construction. The Nervous System CM contained the same number of nodes and
propositions as the Energy CM and was constructed using LucidChart.
A text summary was created from the propositions represented in the Nervous
System CM. The summary included the same terminology present in the links and nodes
of the CM; however, a few additional words were included (e.g., articles and transitional
words) in order to make the text more cohesive. The key concepts within the summary
were also bolded (see Appendix C for map and text summary).
Design and Procedure
Design. Experiment 2 was a 2 (CM study or text summary study) X 2 (CM
posttest and summary posttest) X 2 (topic 1 and topic 2) factorial design with posttest
performance and free recall serving as dependent variables. Additionally, the experiment
was divided into a learning block and an assessment block. The learning block contained
the CM study condition and text summary study condition for both topics. For the
assessment block, two fill-in-the-blank posttests were created for each topic such that
one-half of the target material was presented in a CM and the other half was presented in
a text summary.
To ensure a fully counterbalanced design, two forms of each posttest were
created. The material that was presented in the CM posttest of Form A was presented in
the text summary posttest of Form B and the material presented in the text summary
posttest of Form A was presented in the CM posttest of Form B. This posttest
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counterbalancing was used for both topics. In addition, unlike the first experiment, the
CM and text summary posttests had the same arrangement as the CM and text summary
used during the learning block (i.e., the CM and words in the summary were not
reconfigured on the posttests). This allowed for implications to be drawn on the
importance of spatial cues during retrieval and the role of Paivio’s theory of dual-coding.
Procedure. After obtaining informed consent, the participants completed a 10item multiple-choice pretest which contained five natural science related questions and
five biology related questions (see Appendix D for pretest). Next, the participants
completed the learning block for topic 1. During this block, the participants were
randomly assigned to study the target material in a CM or text summary for a period of
three minutes. The participants were instructed to not take any notes during the study
period. Immediately following the learning block for topic one, the participants
proceeded to the assessment block for topic one.
During the assessment block, all participants were instructed to complete a CM
posttest (8 items displayed in a CM), a text summary posttest (8 items displayed in a
summary), and a free recall task for topic 1. For the posttests, a numbered yellow box
appeared where the participants were asked to type a key concept that corresponded to
the material studied in the CM or text summary. The participants were randomly
assigned to receive posttest Form A or posttest Form B. Lastly, for the free recall task,
the participants were instructed to recall any facts that they could remember about the
studied material.
After completing the learning and assessment block for topic 1, the participants
followed the same procedure for topic 2. It is important to note that the study format for
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topic 2 was the alternate format of topic 1 (i.e., if the participant studied topic 1 in a CM,
they studied topic 2 in a text summary and vice versa).
Following completion of the experiment, participants were asked to complete a
brief survey with Likert-type items pertaining to perceptions about strategy-use,
familiarity with using CMs and text summaries, and other academic experiences.
Although the survey collected demographic information, the results from this data were
not analyzed in this particular experiment. Finally, all participants were debriefed on the
last screen of the experiment. They were required to select a checkbox, endorsing that
they had read the debriefing statements.
Results
Scoring
In Experiment 1, a strict scoring method was used to score the posttests since the
results were consistent even when a more lenient scoring method was used. With this in
mind, Experiment 2 also used a strict scoring method to score the posttests. Specifically,
one point was awarded for each correct response; synonyms were not counted as correct.
Scoring of the free-recall data was based on a procedure developed by Meyer
(1975). The free recall scoring keys contained the same facts (or propositions) presented
in the CM and text summary for each topic (see Appendices E and F for scoring keys).
Each participant’s free recall response was broken into simple facts. Two trained scorers
matched these facts with the set of facts in the scoring keys. They then rated each fact on
a scale of accuracy from 2 to 4 with 2 indicating some (less than half) of the fact
accurately recalled, and 4 indicating a clear and completely accurate recalled fact. A
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score of 1 was not included since it represented a fact that was mentioned but completely
inaccurate.
Primary Analyses
Two separate analyses of covariance (ANCOVA) were performed (one for each
topic) with pretest score serving as a covariate. For the Energy topic, there was a
significant Study Condition x Energy Posttest crossover interaction, F (1, 89) = 10.05, p
= .002, p = .10. This finding suggests that posttest performance was influenced by
study condition such that the CM study condition performed better on the CM posttest,
whereas the text summary condition performed better on the summary posttest. There
was no significant main effect for the Energy posttest, F (1, 89) = .27, p = .60, and there
was no significant main effect for study condition, F (1, 89) = .62, p = .44.
Following the significant interaction for the Energy topic, a test of simple effects
was performed to further explore how study condition affected performance on each
posttest. The results indicated that there was a significant difference in CM score, F (1,
89) = 4.71, p = .03, p = .05. This suggests that those individuals who studied the
Energy topic in a CM performed significantly better than those who studied the topic in a
text summary, on the CM posttest. There was no significant difference in summary
score, F (1, 89) = .61, p = .44, which suggests that study condition did not significantly
affect performance on the summary posttest (see Table 4 below for means and standard
deviations).
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Table 4
Comparison of Posttest Means for Energy Topic
CM Posttest
Study Condition

Summary Posttest

M

SD

M

SD

Concept Map

5.02

2.29

4.83

2.62

Text Summary

4.04

2.34

5.29

2.15

For the Nervous System topic, results from the ANCOVA revealed that there was
a significant Study Condition x Nervous System Posttest crossover interaction, F (1, 89)
= 4.11, p = .046, p = .04. Like the findings from the Energy topic, those individuals
who studied about the Nervous System in a CM performed better on the CM posttest,
whereas those who studied this topic in a text summary performed better on the text
summary posttest. Additionally, the results revealed that there was a significant main
effect for the Nervous System posttest, F (1, 89) = 3.81, p = .05, p = .04. There was no
main effect for study condition, F (1, 89) = 1.30, p = .26.
A test of simple effects was performed following the significant interaction. The
results revealed that there was a marginally significant difference in CM score, F (1, 89)
= 3.29, p = .07, p = .04. However, there was no significant difference in summary
score, F (1, 89) = .19, p = .85, which suggests that (like the Energy topic) study condition
did not significantly affect performance on the summary posttest. (See Table 5 below for
means and standard deviations)
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Table 5
Comparison of Posttest Means for Nervous System Topic
CM Posttest
Study Condition

Summary Posttest

M

SD

M

SD

Concept Map

5.69

2.35

5.44

2.47

Text Summary

4.47

2.84

5.30

2.25

Free Recall Analyses
Before performing any analyses on the free recall data, an inspection of the data
using a box plot revealed that there were 6 data points (3 in the Energy CM/Nervous
System text summary study condition and 3 in the Energy text summary/Nervous System
CM study condition) larger than the 3rd quartile by at least 1.5 times the interquartile
range. Thus, these 6 outliers were appropriate to remove before performing any
statistical analyses.
Cohen’s kappa (κ) was used to determine agreement between the two scorers for
each topic. There was strong agreement between the two scorers for the Energy topic, κ
= .889 (95% CI, .825 to .954), p <.001. Likewise, there was strong agreement between
the two scorers for the Nervous System topic, κ = .892 (95% CI, .830 to .954), p <.001.
An ANCOVA was performed to compare free recall accuracy scores for both
topics. The results revealed that there was significant Free Recall Topic x Study Format
interaction, F (1, 82) = 6.40, p = .013, p= .07. These results suggest that free recall
accuracy scores were different between the two study conditions for each topic.
A test of simple effects was performed to further investigate the source of the
interaction. The results revealed that there was no significant difference in free recall
34

accuracy scores between those who studied about Energy in a CM (M = 17.41, SD =
21.59) and those who studied this topic in a text summary (M = 20.86, SD = 16.01); F (1,
82) = .559, p = .457. On the other hand, for the Nervous System topic, results indicated
that there was a significant difference in free recall accuracy scores between those who
studied this topic in a CM (M = 27.86, SD = 25.12) and those who studied this topic in a
text summary (M = 13.23, SD = 17.56); F (1, 82) = 8.35, p = .005, p = .09. In addition,
for the Nervous System topic, the CM study condition significantly recalled more ideas
(M = 7.33, SD = 6.47), compared to the summary study condition (M = 3.45, SD = 4.56);
F (1, 82) = 8.61, p = .004, p = .09.
Does Posttest Arrangement Matter?
A meta-analytic technique was used to determine if Experiment 1 and Experiment
2 produced significantly different effects when manipulating posttest arrangement. For
Experiment 1, the size of the observed effect was r = .346, and the size of the observed
effect for Experiment 2 was r = .316. These r values were transformed into Fisher’s z
values. The Fisher’s z values were 0.365 and 0.332, respectively. The difference
between the two Fisher z scores was -0.226. This Z score of -0.226 was then evaluated
for statistical signiﬁcance by using the areas under the normal curve. Since -.226 < 1.96,
there is no significant difference using an alpha level of p = .05. Thus, the effects
produced in both experiments were not significantly different from each other.
Experiment 2 Discussion
The results from Experiment 2 revealed that study condition played a major role
in posttest performance. These results replicated the findings in Experiment 1,
specifically for the Energy topic. In both experiments, there is support for transfer35

appropriate processing such that posttest performance was best on the posttest that
matched study condition. This suggests that retrieving information from memory is best
when retrieval occurs in the same (or similar) context that the information had been
previously encoded (Bransford, Franks, Morris, & Stein, 1979; Morris et al., 1977).
Although the text summary study condition performed slightly better on the freerecall task for the Energy topic, the difference between the two study conditions was not
significant. On the other hand, the CM study condition performed significantly better
than the text summary condition on the free recall task for the Nervous System topic.
These findings suggest that the benefit of CMs may be attributed to the type of content
used; details about these topic differences will be further explicated in the next section.
Experiment 2 was designed to further explore the role of dual-coding during CM
processing. As previously mentioned, Paivio’s theory of dual coding suggests that,
unlike traditional linear text, CMs offer both verbal and visual channels of processing. In
Experiment 1, the additional (visual) processing route provided during study was
disrupted during testing such that there was a spatial reconfiguration of the nodes and
links within the CM posttest and a rearrangement of the propositions within the text
summary posttest. However, in Experiment 2, this processing route was not disrupted
since the CM posttest and text summary posttest was not rearranged. The results from
the meta-analysis revealed that, when the additional (visual) processing route was not
disrupted during testing in Experiment 2, it did not produce a significantly different effect
from Experiment 1. This particular finding indicates that the advantage of CMs over text
representations may not be largely attributed to dual-coding, thus other theoretical
mechanisms may be involved.
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Although transfer-appropriate processing provides a plausible explanation for the
current results, these findings also suggest that other similar theoretical accounts may
help to explain the advantage of studying information presented in a CM. A related idea,
the encoding specificity principle (Tulving & Thomson, 1973), suggests that memory is
better if the cues available during encoding are also present at retrieval. The current
findings provide support for encoding specificity such that for the cued-recall posttests
(i.e., fill-in-the-blank posttests), recall was best on the posttest that matched study
condition. Still, encoding specificity does not fully explain the advantage of studying
information presented in a CM especially in regards to free-recall tasks where no cues are
present. Nairne (2002) argues that memory is not largely dependent on an encoding–
retrieval match, but rather how cue-distinctiveness aids the process of discrimination.
Thus, CMs may not just be providing more cues (according to Paivio’s dual coding)
compared to text. Perhaps it is the inherent structure of CMs that provides distinct cues
which allow learners to better discriminate between concepts. In turn, this helps learners
better understand how concepts are related, which ultimately aids retrieval.
General Discussion
The current thesis provides strong support for the hypothesis that format transfer
is greater for information presented in a CM and tested in a text summary compared to
information presented in a text summary and tested in a CM. In Experiments 1 and 2, the
patterns of results suggest that CMs do in fact promote good transfer to textual material
(i.e., there was no significant advantage on the summary posttest if you studied the text
summary). This finding is particularly important given that participants were not
“trained” in concept mapping or given instructions for how to read CMs.
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It was also hypothesized that studying information presented in a CM would lead
to greater recall. This hypothesis was partially supported by the differences found in free
recall scores for the biology-based topic (i.e., the nervous system) used in Experiment 2.
Specifically, studying the Nervous System topic in a CM produced much better freerecall scores than the text summary study condition. This finding is consistent with
previous studies using similar topics (e.g., Hall & O’Donnell, 1996; Rewey et al., 1989).
These studies have found that learners who study information presented in a CM recall
significantly more main ideas those who study isomorphic text representations. Many
researchers attribute this finding to the idea that CMs provide specific cues that draw
attention to the macrostructure of a body of information (O’Donnell et al., 2002).
However, findings from the current thesis suggest that the benefits of recall for
information presented in CMs may be different depending on the content or how the
content is displayed within the map.
Of the many studies that focus on CM learning, very few have used two unrelated
topics. Hall et al. (1992) compared maps with text passages and found significant
differences when maps were used to learn information about the autonomic nervous
system (ANS); however, there was no map advantage for learning about psychological
research design. The researchers suggest that the advantage of CMs for the ANS topic
may be attributed to the nature of the subject matters (i.e., they differed in degree of
abstraction). This explanation may help to explain the current findings. For example, the
material presented in the Energy CM was at a higher level of abstraction compared to the
material presented in the Nervous System map (e.g., it is easier to conceptualize lobes of
the brain vs. molecular motion). As a consequence, it could be that the energy CM was
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more difficult to process and the participants may have had a difficult time forming a
coherent mental model. Still, it must also be acknowledged that the difference in free
recall may not be necessarily due to the topic. It could be a matter of how the text and
map were composed. Perhaps a more compartmentalized map of the Energy topic would
have helped the learners process the material more effectively.
Another explanation that may provide insight as to why there was a significant
CM advantage for the Nervous System topic may be attributed to gestalt principles (see
Köhler, 1929) and the rules of perceptual organization. For instance, Weigmann et al.,
(1992) investigated the effects of map configurations on encoding and retrieval. In one
condition, students studied a map that was configured according to the gestalt principles
of symmetry, proximity and good continuation. In the other condition, students studied a
map that was configured in a web format and did not conform to the above mentioned
gestalt principles. The results revealed that the gestalt-map condition performed
significantly better than the web-map condition on both fill-in-the-blank tests and
multiple-choice tests. These results suggest that the way a CM is configured can affect
how a student remembers the information presented depending on how strongly the map
conforms to the gestalt principles of perceptual organization. Specifically, these
principles have an effect on the memory system such that perceptual experiences of
seeing things as units also leave memory traces (Kohler, 1929). Thus, a map configured
using gestalt principles is more consistent with our perceptual processing of units and
ultimately creates stronger memory traces than a map not configured using gestalt
principles (Kosslyn, 1989; Weigmann et al., 1992).
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The previous findings from Wiegmann et al. (1992) may help to explain why
there is a significant concept map (free-recall) advantage for the nervous system topic.
Unlike the Energy CM, the Nervous System map strongly conformed to the gestalt
principles of similarity, proximity, and good continuation. That is, similar concepts
(similarity) were grouped closely together within the map (proximity) which allowed for
good continuation (i.e., the learners were better able to follow the direction of the
established relationships among the concepts). By conforming to these gestalt principles,
the learners were better able to compartmentalize the information presented. In turn, this
helped them to organize the material presented, which ultimately aided their retention and
retrieval. In fact, this idea is supported by Tulving and Pearlstone (1966) who had
participants recall previously studied word lists of 12, 24, and 48 words in categories of
1, 2, or 4 words. The results revealed that there was a significant increase in words
recalled as the number of categories increased. This finding suggests that the
organization of information into categories affects how much of that information can be
recalled.
Limitations and Conclusion
The current thesis is not short of limitations. As previously mentioned, the
participants in both experiments were not trained or given information regarding the
rationale of CMs. Hall and O’Donnell (1996) assert that without proper CM training,
“map shock” may occur such that individuals often wander aimlessly throughout the map
trying to make sense of the information presented. Although the participants were not
trained on concept mapping, findings provide support that most participants were still
about to process the information presented in the maps. Future studies seeking to address
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this issue of “map shock” could perhaps use eye-tracking to detect patterns of eye
movements during CM processing.
Another limitation of the current thesis is that memory was assessed immediately
after the participants studied the information. Future research should investigate how
CMs and text summaries affect memory at longer retention intervals. Additionally,
future studies should continue to address how these representations affect a learner’s
ability to transfer knowledge to novel contexts.
Previous studies have focused on comparing lengthy textual material to CMs
(e.g., Hall & O’Donnell, 1996) and text summaries (e.g., Reder & Anderson, 1980). The
results from these studies offer support for both types of summary representations. The
current thesis, however, provides new evidence suggesting that the advantage of CMs is
still upheld even when controlling for the amount of material present in the comparison
text group. These findings indicate that CMs offer a greater summative advantage
compared to traditional text-based summaries. In addition, findings reveal that this
advantage is particularly salient for certain types of subject matters. Although dualcoding is currently the most prominent theory supporting the advantage of CMs over text
representations, implications from the current thesis reveal that other theoretical
frameworks may also play an important role. By continuing to uncover the role of these
theoretical mechanisms, researchers will gain a better understanding of why certain
knowledge representations are more beneficial to learning. In turn, this will help
educators develop representations that could potentially maximize learning.
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Appendix A
Energy Topic Study Condition (CM and Text Summary)
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Appendix B
Post Experiment Survey
What is your sex? Male Female
Please choose the ethnicity with which you most closely identify.
White/Cauasian
Black/African-American
Hispanic/Latino
Native American
Asian/Pacific Islander
Two or more
Other
What is your age?
What college-level science classes (e.g.,biology, chemistry, physics, etc.) are you
currently enrolled in or have you taken in the past?
Please read each statement and then select a response option. (Note: a sliding scale will
be used ranging from strongly disagree to agree)
I was familiar with the topic presented during the first study period?
I was familiar with the topic presented during the second study period?
I am familiar with using text summaries as a method of study?
I am familiar with using concept maps as a method of study?
Please rate how familiar you are with using concept maps in each of the following types
of classes. (Note: a sliding scale will be used ranging from very familiar to very
unfamiliar)
History
Science
Math
English
Please rate how familiar you are with text summaries in each of the following types of
classes. (Note: a sliding scale will be used ranging from very familiar to very unfamiliar)
History
Science
Math
English
Do you have any comments about the study?
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Appendix C
Nervous System Study Condition (CM and Text Summary)
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Appendix D
Pretest
What is the difference between an exothermic reaction and endothermic reaction?
A. one reaction uses water and the other reaction uses chemicals
B. one reaction gives off energy and the other reaction absorbs energy
C. one reaction contains a solute and the other reactions contains a solvent
D. there is no difference between the two reactions
A solution is formed by mixing ________ .
A. salts and sugars
B. a chemical and water
C. a solute and a solvent
D. an acid and a base
A wave of electrical depolarization that reverses the potential difference across the nerve
cell membranes is referred to as _________ .
A. a synapse
B. a nerve impulse
C. resting potential
D. repolarization
Which example is a chemical reaction?
A. mixing drink crystals with water to make lemonade
B. melting broken glass to make containers
C. chopping pieces of wood to make wood chips to burn
D. mixing yeast with sugar to make bread dough rise
All of the following brain structures are part of the limbic system EXCEPT?
A. hippocampus
B. amygdala
C. thalamus
D. medulla oblongata
In humans, which body system has the primary role of supplying blood with oxygen?
A. muscular
B. nervous
C. respiratory
D. skeletal
How are most animal cells structured to efficiently perform a variety of functions?
A. They have many specialized parts.
B. They are large.
C. They contain two nuclei.
D. They have multiple copies of DNA.
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Which of the following best describes how DNA and RNA are similar?
A. They both contain the nitrogen bases thymine and adenine.
B. They both are formed in a double-helix structure.
C. They both are composed of five different nucleotides.
D. They both contain the nitrogen bases cytosine and guanine.
The observed trait that appears in an organism as a result of its genetic makeup is call the
organism's __________.
A. Allele
B. Genotype
C. Phenotype
D. Karyotype
If placed in a hypertonic solution, a plant cell will ________.
A. Swell
B. Burst
C. Shrink in size
D. Remain constant in size
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Appendix E
Free Recall Scoring Key (Energy)

1. Energy can be measured in Joules.
2. Energy can be measured in Kilowatts.
3. Energy can be measured in Calories.
4. Energy can be divided into potential energy.
5. Potential energy can be in the form of chemical energy.
6. Chemical energy is stored in chemical bonds.
7. Chemical bonds are released or absorbed in chemical reactions.
8. Energy can be divided into kinetic energy.
9. Kinetic energy involves motion.
10. Kinetic energy can be in the form of thermal energy.
11. Thermal energy consists of molecular motion.
12. Energy is conserved.
13. Energy is transferred.
14. Energy is transferred via heat.
15. Energy is transferred via work.
16. Heat results from a temperature difference.
17. Work results from a force.
18. Heat is related to temperature.
19. Temperature is expressed on a scale.
20. A scale is defined by the zero point.
21. A scale is defined by magnitude of degree.
22. A scale is measured in Celsius.
23. A scale is measured in Kelvin.
24. A scale is measured in Fahrenheit.
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Appendix F
Free Recall Scoring Key (Nervous System)

1. The nervous system functions via neurons.
2. Neurons are made up cell bodies.
3. Neurons are made up of dendrites.
4. Neurons are made up of axons.
5. The nervous system consists of the peripheral nervous system.
6. The peripheral nervous system consists of the autonomic nervous system.
7. The peripheral nervous system consists of the somatic nervous system.
8. The peripheral nervous system contains chemo receptors.
9. The peripheral nervous system contains thermo receptors.
10. The peripheral nervous system contains mechano receptors.
11. The peripheral nervous system contains photo receptors.
12. The peripheral nervous system contains pain receptors.
13. The nervous system consists of the central nervous system.
14. The central nervous system contains the brain.
15. The central nervous system contains the spinal cord.
16. The spinal cord controls reflexes.
17. The brain is made up of the temporal lobe.
18. The brain is made up of the parietal lobe.
19. The brain is made up of the frontal lobe.
20. The brain is made up of the occipital lobe.
21. The temporal lobe involves hearing.
22. The parietal lobe involves visuo-spatial processing.
23. The frontal lobe involves speech.
24. The occipital lobe involves vision.
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Appendix G
Energy Posttest Form A
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Appendix H
Energy Posttest Form B
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Appendix I
Nervous System Posttest Form A
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Appendix J
Nervous System Posttest Form B
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